The effect of teaching and learning strategies on learners ' 
Introduction
Curriculum change is worldwide phenomenon and many countries see it as a way to improve the quality of teaching and learning (Brodie, Lelliott, & Davis, 2002; de la Harpe, & Thomas, 2009; Picower, 2012; Willink & Jacobs, 2013; Picower, 2013) . In order to meet change different approaches are used such as: academics and the use of communities of practice (Wenger, 1998) as well as distributed leadership (Spillane, 2005) . This may call for action on the part of institutions and individual academics (Holdsworth, Bekessy, Mnguni, Hayles, Thomas, 2006) . In line with such a global move South Africa introduced the National Curriculum Statements (NCS) was introduced in South Africa as a way of implementing the Outcomes Based Education (OBE) approach which was first introduced in Grade 1 in 1998. The curriculum policy presents what is to be taught, learnt and assessed in all schools (Department of Education, DoE, 2003) . The curriculum was developed to uphold constitutional and democratic values in order to provide quality education. Despite its introduction, the teaching of sciences in South Africa is challenged by the paucity of qualified educators in most rural schools. As a result, learners are always taught by educators who are not qualified in the discipline (Mpofu, 2006) . This challenge creates many problems to learners, such as inadequacy in scientific knowledge, skills, values, and attitudes. The inadequacy manifests itself in persistent misconceptions (Kurt et al., 2013) held by learners about some science concepts, resulting in learners' poor performance in science (Svandova, 2013) .
Studies on learners' comprehension of science concepts indicate that learners had poor understanding (Ogunniyi, 1999; Koba & Tweed, 2009; Svandova, 2013; Sesen, 2013) . Research from South Africa show that it is important for first year science learners at university level to have a requisite understanding of basic science concepts from Grade 12 class (Mumba, Rollnick & White, 2002) ; Potgieter, Rogan & Howie, 2005) . These studies further indicated that Grade 12 learners were inadequately prepared for first year chemistry at the university in terms of conceptual understanding. In addition, many learners encounter problems in understanding science concepts because of their naivety (ibid) concerning chemistry topics. Among other science concepts, Grade 10 science learners experience difficulties in understanding how salts dissolve in water (Pers. Obs.). Furthermore, they do not understand the particulate theory of matter and the polar nature of water. Learners' lack of understanding may be attributed to methods educators use to teach science concepts (Auwal, 2013; Kurt et al., 2013) . This calls for a learner-centred approach to focus on conceptual change and improve their understanding.
This study explored the use of Conceptual Change Model (CCM) and in particular the 'Predict-Observe-Explain' (POE) strategy as part of CCM was used to identify and to overcome learners' misconceptions about dissolved salts. The NCS encourages learner-centred and activity-based strategies with a view of nurturing learners' personal growth (DoE, 2003) . The POE was adopted in this study because it enables learners to hypothesize, test their hypotheses and explain observations. Learners' participation throughout the lesson is characterized by predicting, observing and explaining the learning processes (White & Gunstone, 1992; Assessment Resource Banks, 2007; Kala et al., 2013) . Also, POE is important as it is used to find out learners' prior knowledge and thought processes. This information helps educators to identify learners' misconceptions about science and find sustainable solutions to overcome such misconceptions.
Science learners need to have adequate understanding of the basic science concepts (Potgieter et al., 2005; Kurt et al., 2013) if their misconceptions are to be minimized. A review of the literature revealed that there is limited attention on use of POE strategy on learners' misconceptions about dissolved salts, especially from a developing world. Therefore, the purpose of this study was to explore the effect of the POE strategy on learners' misconceptions about dissolved salts, such as Nitrates, Potassium, Sodium and Ammonium salts, among others. The study was guided by the following research question. What effect would POE strategy have on learners' misconceptions about dissolved salts?
Literature Review
For learning to take place, the role of the learners to construct knowledge is vital. The educator needs to act as a facilitator and create conducive learning environments (Richmond & Cummings, 2005) . Learners come to class with knowledge which may or may not be compatible with the scientific conceptions (Koba & Tweed, 2009; Parker et al., 2012; Svandova, 2013; Sesen, 2013) . Usually, the prior knowledge is acquired through learners' experiences and may be modified throughout the process of learning. During this process, learners may become dissatisfied with their existing knowledge and find the new knowledge plausible, intelligible and fruitful (Posner et al., 1982; Tanner & Allen, 2005; Svandova, 2013) . Depending on the success of the learning process, learners may accommodate, assimilate or reject the new knowledge. According to Posner et al. (1982) and Hewson's (1981) learning is not only considered as the creation of knowledge, but also involves existing knowledge as the basis of new knowledge. For the prior and new knowledge to be reconciled, some conceptions may be rejected while others may be accepted. Hewson and Hewson (2003) stress that for a new conception to be integrated into the existing knowledge, it needs to be intelligible. Conceptual change encourages educators to consider learners' prior knowledge and assist them to find the subject matter plausible and fruitful. In order to achieve this, a variety of teaching strategies should be used. Nevertheless, what is intelligible, plausible and fruitful to one learner might not be to another. Therefore, there is a need to view the process of using POE in learners' contexts.
To foster understanding of basic science concepts, there is need for educators to recognise learners' initial behaviour and modify their teaching styles accordingly. This can be done by investigating learners' science concepts (Walker, 2001; Sesen, 2013) . Educators should be aware of what learners think and know about concepts, some of which may contradict science concepts (Duit, Treagust & Mansfield, 1996; Kurt et al., 2013; Sesen, 2013) . Thus, educators need to decide on the methods to use in order to reveal learners misconceptions. The role of the learner is to "construct the knowledge" while the educator creates a positive learning environment and facilitates the process (Arizona Facilities Council, 2000; Richmond & Cummings, 2005) . The learner actively constructs new knowledge from their physical and mental experiences and interactions with the environment (Lee, 2002) . Hence, critical and creative thinking should be encouraged by educators through a learner-centred approach.
Methodology

Research Design
The study employed a pre-and post-test quasi-experimental design in collecting data from learners of similar socioeconomic backgrounds. This design was chosen because it would allow the researchers to compare the performance of two groups after using POE strategy and the traditional teaching approach.
Sample
The sample consisted of 93 Grade 10 Physical Sciences learners from two neighbouring schools (coded as A and B) in a rural setting in Moutse West circuit in Limpopo Province, South Africa. The ages of the learners ranged from 16 to 20 years. Forty nine (49) learners (31 males and 18 females) were from school A and acted as the experimental group (EG) whereas the control group (CG) consisted of 44 learners (18 males and 26 females) from school B. The learners were purposively sampled. Having been drawn from the same geographical set up, the learners were of the same sociocultural practices.
Instruments
Achievement Test (AT) was used as pre-and post-test instrument. It was administered to both groups before the intervention, to determine their level of understanding of the dissolved salts and to determine learners' conceptions about dissolved salts. After the intervention, a similar post-test was given to all learners in both groups to determine the level of achievement. The AT developed by Brookes et al. (2005) was modified and used to measure the level of understanding of the dissolved salts among both EG and CG. The AT consisted of three questions. Question one consisted of five statements which learners had to classify as either true or false. Question two consisted of nine multiple questions which were used as a diagnostic tool in the design of the teaching and learning materials in addressing misconceptions based on prior knowledge. Question three had two open-ended questions to reveal learners' views on how salts dissolve in water (Appendix 1). Also, Instructional materials used for EG were aimed at addressing misconceptions learners have and to develop scientific conceptual understanding about the dissolved salts. Materials consisted of three worksheets on: how salts are formed, ionisation of salts, and how salts dissolve in water (Appendix 2).
For face validity, three Physical Sciences experts (two Physical Sciences educators and one researcher) examined the instruments with specific reference to Mpofu's (2006) criteria: suitability of the language used to the targeted group; structure and clarity of the questions; and checked if the content was relevant to what would be measured. For reliability, the instruments were piloted over a period of two weeks. Grade 10 learners of a school which was not part of the sample was used. Any questions that were not clear were changed to reduce ambiguity.
A quasi-experimental design was used, where the EG used POE strategy during treatment and the CG used the traditional lecture method. Before the start of the study, both groups wrote a pre-test using the AT to determine science baseline knowledge. Both the groups were then taught similar content over the same time interval (one hour period per contact session for five weeks). After the intervention, both groups wrote a similar post-test. Data were analysed using a T-test to determine statistical differences in learners' achievements for the two groups and the two teaching methods. In addition, Analysis of Co-Variance (ANCOVA) with the pre-test as a covariate was employed to reduce the variation due to error that might have occurred prior to intervention.
Results
The pre-test revealed a number of misconceptions held by learners in both groups: learners believed that salts 'disappear' when dissolved in water (37% of the responses in the 80% from the pre-test) and that salt 'melts' when dissolved in water (27% of the responses in the 80% from the pre-test). During the study, two new misconceptions were identified, namely: 1) salts dissolve in water when it is in 'fine' grains; and, 2) solid sodium chloride is not an ionic compound. The results (Table 1) reveal that there was no significant difference between the pre-test achievement scores of the CG and EG for questions (Appendix 2). The p value for these questions was greater than 0.05. After 5 weeks of intervention, a post-test was conducted in EG and CG in order to identify significant differences in the achievement of learners of the two groups (Table 2) . The results in Table 2 show that learner's achievement in question 2. 5 and 2.8 were not significantly different for the two groups (p > 0. 05). This represents 13.30% of the total questions learners attempted compared to 86.70% questions in which achievement was significantly different (p < 0.05). Generally, in 12 cases, the mean scores of the EG were higher than that of the CG with exception of question 1.4, where the mean scores of the EG was lower. The overall post-test results for both CG and EG were also conducted using a t-test (Table 3) . Table 3 shows that the achievement of the EG after treatment (mean 34. 07 ± 15. 12 SD) was higher than the CG (mean 20. 87 ± 12. 31 SD). These means were significantly different (t = 2.62; p < 0. 05).
In order to ascertain whether the intervention had an effect, ANCOVA was used on control and experimental preand post-tests. ANCOVA summary results indicate that for experimental group (SS 57, 37 ± 13, 38 F and P < 0.05) and for control group (SS 6. 34 ± 1, 49 F and P < 0.23) ( Table 4) . 
Discussion
The EG was exposed to POE teaching strategy while the CG was exposed to traditional teaching methods. The study aimed at finding out the effect of POE strategy on learners' performance compared to traditional strategies. The results show that the EG outperformed the CG (Table 3 and 4) . Also, the understanding of scientific concepts regarding dissolving of salts differed significantly between learners taught using POE and those taught using traditional strategies. This significant difference is evident from the t-test in Tables 1 and 2 where the mean of CG (Mean 0.00 ± 0.00SD) in both questions while in EG the means are (Mean 0.22 ±0.42) and (Mean 0.01 ± 0.3 SD), respectively. The differences in mean scores obtained by the two groups suggest that POE learners performed better. Thus, the POE approach was able to enhance learners' performance. POE emphasises the use of learner's prior knowledge as the basis of their learning. The importance of learner's prior knowledge is also emphasised by Piaget (1970) and Vygotsky (1986) in social constructivism where the learner is the constructor of new knowledge and active participant throughout their learning processes. The success of POE is viewed as a strategy which takes into consideration the constructivist approach that includes reflective teaching processes and active participation unlike the traditional approach which emphasises chalk and talk (Kasanda et al., 2003) . To assist learners to realise and abandon their misconceptions, a learner-centred activity-based strategy was used in the EG as a package of POE. This strategy is also emphasised by the NCS, which encourages learner-centred and activity-based strategies rather than educator-centred activities (DoE, 2003) . In POE, learner-centred teaching acknowledges the social construction of knowledge and the basis of all learning, that is, 'learner's prior knowledge'. In this study both prior knowledge, group work and class discussions were incorporated. On the other hand, the traditional teaching strategy used by the CG was educator-centred and learners were mostly passive during the learning process. This result is in agreement with that of Sesen (2013) that diagnosed pre-service science teachers' understanding of chemistry concepts using computer-mediated POE tasks and found out that it was an effective method to diagnose students' understanding.
Judging from the mean values, the results of the two groups were not significantly different before the intervention (p > 0.00) in 80% of the questions. The pre-test misconceptions held by learners in both groups are similar to those found by Piaget and Inhelder (1974) in their study conducted of a child's construction of quantities and similar to Cosgrove and Osborne's (1981) study regarding physical change. The same misconceptions were also found by Hapkiewicz (1999) in his study of common physical science misconceptions.
From the post-test results (Table 3) , learners achievement in 73.3% of the questions were significantly different (p < 0.05) in the EG which implies that learners had acquired the right science concepts whereas learners achievement in 13.3% of the questions in the CG exhibited misconceptions. These findings agree with that of Hewson and Hewson (2003) ; Hubber (2005) and Demircioglu et al. (2005) that though a variety of teaching methods are used to minimize learners' misconceptions, not all learners abandon their misconceptions. Also, the two new misconceptions suggest that POE was effective in identifying misconceptions, at least, in this study.
The achievement of the EG and CG from pre-test results were not significantly different which suggest that the two groups had similar understanding of concepts. Conversely, results from the post-test after the treatment revealed significant differences. The EG had a higher mean (34.07 ± 15.12 SD) than the CG (20.87 ± 12.31 SD) (t = 2.62; p < 0.05), suggesting that the EG had better understanding regarding dissolving of salts. The ANCOVA results from the posttest scores for both groups (Table 4) show that the EG post-test results were significantly different (SS 57.37 ± 13.38 F and p = 0.0004), while the CG post-test was not significant (SS 6.34 ± 1.49 F and p = 0.2254) . This suggests that the intervention had a positive effect on the understanding of concepts dealing with dissolving of salts. This improved achievement was due to the impact of POE strategy which reduced learners' misconceptions regarding dissolving of salts. Learners in EG seem to have undergone a conceptual change in their understanding of dissolved salts. These results are in agreement with that of White and Gunstone (1992) and Sesen (2013) where conceptual change had positive results and misconceptions were significantly reduced. The results obtained in this study also corroborated that of Tomita and Yin (2007) and Hubber (2005) in their study about diagnosing and dealing with learners' misconceptions in floating and sinking objects.
Conclusions and Recommendations
This study revealed that the use of POE strategy has a positive effect on learners' misconceptions about dissolved salts. As a result of this strategy, learners were able to overcome their initial misconceptions and improved on their performance. Also, two new misconceptions were identified, namely: 1) salts dissolve in water when it is in 'fine' grains; and, 2) solid sodium chloride is not an ionic compound. The implication of these results is that science educators, curriculum developers, and textbook writers should work together to include elements of POE in the curriculum as a model for conceptual change in teaching science in schools. Educators should also encourage learners to move from the macro to micro level during their explanations of dissolving salts and other chemical reactions in science. It is recommended that a similar study is undertaken to determine the effect of the POE strategy on other science concepts.
Worksheet No.3 How salts dissolve in water
Because water molecules are polar, they can interact strongly with ions of ionic compounds such as sodium chloride The + ends of water molecules attract the Cl ¯ ions on the surface of the solute, and the -ends of water attract the Na + ions. These attractions help to overcome the electrostatic attraction between the Na + and Cl ¯ ions in the solid. The Na + and Cl ¯ ions move into solution surrounded by water molecules. This process is called hydration NB: In some ionic solids, the attraction between ions is strong enough to prevent them from dissolving in water. Hence some salts do not dissolve in water.
Class Activities (POE Activities, group work) Activity 1
Materials needed
• Water • Transparent container (glass or plastic)
• Fine NaCl, NaNO3, KCl, (NH4)2SO4, AgCl, Pb(SO4)2, Na2CO3, CaCO3 Predictions: What will happen if NaCl is added to water and why? Group prediction (discussed and agreed upon) The following salt can be formed through neutralization of an acid and a base A. NaCl B.
Ca(NO3)2 C. NH4Cl 2.5.
Through direct combination of some substances the following salt can be formed A. NaCl B.
Ca(NO3)2 C. NH4Cl 2.6.
Through the reaction of metal oxide and acid the following salt can be formed A. NaCl B.
Ca(NO3)2 C. NH4Cl 2.7.
Which equation represents the dissociation of NaCl? A. NaCl(s) ↔ Na -(aq) + Cl + (aq) B. NaCl(s ) ↔ Na + (aq) + Cl -(aq) C. NaCl(s ) ↔ Na + Cl(aq) 2.8.
The diagram below represents a mixture of H2O and NaCl in a closed container.
2.9.
Which diagram shows the results after the mixture reacts as completely as possible according to the equation NaCl(s) + H2O ↔ Na + (aq) + Cl -(aq). Give a reason for your choice. 
